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S368 Am JBackground: A workforce that resembles the society it serves is likely to be more effective in
improving health equity for racial and ethnic minorities in the U.S. Racial and ethnic minorities are
underrepresented in the U.S. public health professions. Project Imhotep is operated by Morehouse
College with funding and technical assistance from CDC. Imhotep trains racial and ethnic
minority students for entry into graduate and professional training programs for careers in the public
health sciences. The curriculum focuses on biostatistics, epidemiology, and occupational safety and
health with practical training in statistical data analysis, scientiﬁc writing, and oral presentation skills.
Purpose: To describe the Imhotep program and highlight some of its outcomes.
Methods:Data were collected every year by self-administered questionnaire or follow-up telephone
and e-mail interviews of students who participated in Imhotep during 1982–2010 and were followed
through December 2013.
Results: Findings demonstrated that 100% of the 481 trained students earned bachelor’s degrees;
73.2% earned graduate degrees (53% earned master’s degrees, 11.1% earned medical degrees, and
7.3% earned other doctoral degrees); and 60% entered public health careers.
Conclusions: The Imhotep program has improved the representation of racial and ethnic
minorities among public health professionals in the U.S. A diverse workforce involving Imhotep
graduates could augment the pool of pubic health professionals who make strategic and tactical
decisions around program design and resource allocation that impact health in the most affected
communities.
(Am J Prev Med 2014;47(5S3):S368–S375) Published by Elsevier Inc. on behalf of American Journal of
Preventive Medicine. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).IntroductionApublic health workforce that mirrors the diversityof the U.S. population is needed to achieve healthequity and meet its unique health needs.1–5
Compared with their percentages in the U.S. population,
African Americans, Hispanics, American Indians,
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This is an open access article under the CC BY-NCscience and engineering.6 Asians are not considered
underrepresented in science and engineering because
their percentages of science and engineering degree
recipients and employed scientists and engineers are
larger than their percentage in the U.S. population.6
The beneﬁts of racial and ethnic diversity in the public
health workforce include increased cultural competency
among practitioners and increased participation by racial
and ethnic minority professionals in the U.S. and global
economies.7,8
The U.S. is rapidly becoming even more diverse, with
an expected increasing proportion of people from differ-
ent racial and ethnic backgrounds.9 In 2012, racial/ethnic
minorities comprised 37% of the U.S. population and are
projected to increase to 57% in 2060, according to the U.S.
Census Bureau. During the same time period, it is
expected that the Hispanic population will increase from
17% of the U.S. population in 2012 to 31% 2060, Africansevier Inc. on behalf of American Journal of Preventive Medicine.
-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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8.2%, and American Indians from 1.2% to 1.5%.10
Available research11–13 illustrates that the public health
of poor, minority, and underserved communities are more
likely to be attended to by underrepresented persons.
In the U.S., health disparities have been consistently
documented across all racial/ethnic groups, with African
American populations shouldering the greatest burden.
Progress has been made toward equal access and oppor-
tunity, yet pervasive gaps exist in health-related dispar-
ities. In 2010, the average American could expect to live
78.9 years, whereas the average African American could
only expect to live 74.6 years.14 Moreover, in 2003,
African Americans had the overall highest age-adjusted
all-cause death rate of all races/ethnicities, and the highest
age-adjusted death rate for heart disease, cancer, diabetes,
and HIV/AIDS.15 The U.S. is faced with many remaining
challenges to the elimination of these racial/ethnic
disparities, and there is a compelling need to formulate
and implement strategies that will lead to positive health
outcomes for all underserved Americans.4,8
Investigators suggest that the inclusion of more under-
represented medical and public health professionals will
help bridge the divide.1,5,16–18 To this end, more under-
represented Americans need to be trained in the public
health and medical professions, which will lead to a more
diverse workforce, culturally competent research, and
effective health education and prevention programs. How-
ever, there is a shortage of underrepresented minorities,
more speciﬁcally African Americans, in the public health
and medical professions.11,12,17,19,20 For example, racial
and ethnic minorities comprise 26% of the total population
of the U.S., yet only roughly 6% of practicing physicians
are Latino, African American, and Native American.21
To address this deﬁcit in the racial/ethnic diversity of
the public health workforce, Project IMHOTEP (here-
after referred to as Imhotep), a summer internship
program, was established in 1982 to train underrepre-
sented students in the public health sciences. The goal of
the program is to increase the quantity and quality of
underrepresented persons who elect public health as a
profession. This paper describes the characteristics of
students who participated in Imhotep during 1982–2010,
their higher educational accomplishments and profes-
sional career choices, and the strength of association
between student characteristics at entry into Imhotep
and earning a graduate degree or a history of ever being
employed in the public health sector.Methods
This was a descriptive study of select outcomes among a group of
ethnic and racial minority students that participated in theNovember 2014Imhotep program. It was not an evaluation or test of an
intervention. Imhotep is an 11-week summer program for under-
graduates in their junior or senior years and recent baccalaureate-
degreed students interested in public health and addressing health
disparities. The program was developed in 1981 by an Atlanta
University Center steering committee and named after Imhotep,
the world’s ﬁrst doctor and architect who built Egypt’s ﬁrst
pyramid.22
The program provided a valuable experience to racial and ethnic
minority students, and may increase their likelihood to pursue a
career in public health. The program consists of an intensive
2-week classroom training experience consisting of introductory-
and intermediate-level courses in biostatistics, epidemiology,
public health, bioethics, health disparity, occupational and indus-
trial safety, short courses in scientiﬁc writing and presentation
skills, and public health data analysis using standard statistical
software packages. During the ﬁnal portion of the 2-week class-
room training, interns conduct investigational studies, participate
in weekly seminars, and engage in 20 hours of voluntary
community service projects.
For the remaining 9 weeks, interns conduct public health
research at their assigned location (e.g., CDC or other
collaborating organizations), gaining experience in the collection,
entry, and analysis of data, as well as performing literature
searches, leading to the production of a scientiﬁc manuscript.
At the conclusion of the program, interns give a formal oral and
poster presentation and complete a written manuscript of their
research that is then submitted to an appropriate journal.
Interns have come from various underrepresented racial/ethnic
groups including African Americans, Hispanics/Latinos, and
Native Americans and represent 110 different institutions of
higher learning. Interns represent majors in a variety of academic
ﬁelds including basic sciences, liberal arts, social and behavioral
sciences, and allied health professions.
Data Source
A surveillance system tracks the educational and professional
development of interns and maintains up-to-date demographic
information. All interns are required to complete a form that
documents demographic information (current and permanent);
the name of the center or institution where they completed their
internship; educational achievements, such as whether they are
currently enrolled in school; their academic major; degree type
they have received; and year that their studies or degrees were
completed.
Former interns provide up-to-date professional information
through social media (Facebook, Instagram, and LinkedIn) and are
also sent an e-mail link every 6 months as a reminder to update
their proﬁle. In the section where professional advancements are
mentioned, the respondents check or state the profession that most
closely describes their present occupation. For this study, data were
collected on students who participated in Imhotep during 1982–
2010 and were followed through December 2013.
Statistical Analyses
Variables recorded in the surveillance system include sex; race/
ethnicity (black, non-Hispanic, Hispanic/Latino, American
Indian/Alaska Native, or Hawaiian/Other Paciﬁc Islander); year
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(historically black colleges and universities [HBCUs], Hispanic-
serving/Native Tribal–serving, or majority); U.S. geographic
region of residence (northeast, south, midwest, and west); graduate
degree obtained (master’s, doctorate, post-doctorate, medical, or
other [e.g., registered nurse]); ever working at CDC (yes/no);
public health sector of employment (e.g., federal, state, local,
academia, non-proﬁt/non-government); and ﬁeld of undergradu-
ate study. The degree type variable is deﬁned as either biological/
health sciences (includes students with undergraduate majors in
biology, biochemistry, or other natural science ﬁelds) or non-
biologic sciences (includes students with undergraduate majors in
psychology, sociology, business, or other social science ﬁelds).
Frequency distributions and ORs were compared to a referent
group, for characteristics and educational achievement of the
Imhotep graduates between 1982 and 2010 and by year of
participation in the program, respectively. The “not applicable”
(N/A) response to pursuing graduate degree was ignored in
estimating ORs. The frequency distribution of career and educa-
tional characteristics of the Imhotep participants by year of
participation in the program was determined. The frequencies
were calculated using the FREQ procedure in SAS, version 9.2, and
estimates of ORs, 95% CIs, and p-values were obtained using the
LOGISTIC procedure in SAS (SAS Institute, Cary NC).
Results
During 1982–2010, 481 undergraduate students enrolled
in Imhotep and participated in the summer research
internship and related activities; 100% earned bachelor’s
degrees before or after matriculation into Imhotep. At the
time of Imhotep enrollment, 69.2% of participants were
female, 92.7% were black, non-Hispanic, 73.5% attended
an HBCU, and 69% lived in the south. The Imhotep
students who graduated during 1996–2000 and 2001–
2005 were 3.6 (po0.01) and 2.8 (po0.01) times as likely,
respectively, to ever have been employed in the public
health sector when compared with Imhotep students
who graduated during 2006–2010 (Table 1).
Of the 481 students enrolled in Imhotep, 341 (70.9%)
pursued a graduate or professional degree and all of them
completed the graduate or professional degree. The odds
of enrollment in a graduate or professional degree did not
vary signiﬁcantly by sex, race/ethnicity, year of Imhotep
graduation, undergraduate institutional afﬁliation, or
region of residence (Table 2).
Of 355 Imhotep graduates who reported ever being
employed in the public health sector during 1982–2010,
the distribution by subsector varied from 33% who did
not indicate a subsector, to 25.6% in the federal govern-
ment, 19.7% in academia, 3.1% in state government, and
2.8% in local government (Table 3). Over time, employ-
ment of Imhotep graduates peaked during 1996–2000 for
all subsectors of the public health sector (including
CDC), except for academia, in which the peak period
was 2001–2005 (Table 3).During 1996–2000, the peak percentage of all gradu-
ates who reported ever being employed in this subsector
was 33% of 91 in the federal government; 36.4% of 11 in
state government; 50% of 10 in local government; and
26.8% of 56 in non-governmental, non-proﬁt, and other
subsectors. Fourteen (36.8%) graduates ever employed by
CDC were employed during 1996–2000, and 27.1% of 70
graduates ever employed in academia were employed
during 2001–2005 (Table 3).
Of the 341 graduate and professional degrees earned
by Imhotep graduates during 1982–2010, 253 (74.2%)
were master’s degrees, which peaked at 31.2% of 253
during 2006–2010; 53 (15.5%) were medical degrees,
which peaked at 32.1% of 53 during 1996–2000; and 35
(10.3%) were PhD degrees, which peaked at 28.6% of 35
during 1991–1995. During 1982–2010, 14.1% of 481
Imhotep graduates enrolled in a second graduate degree
program, with the peak period during 2001–2005
accounting for 38.2% of the 68 second graduate degree
enrollees (Table 3).
Of the 341 Imhotep graduates with one or more
graduate and professional degrees, 255 (74.8%) reported
ever having been employed in the public health sector
(including in CDC); of the 255 with a public health
employment history, 73.3% earned master’s degrees, 18%
earned medical degrees, and 8.6% earned other doctoral
degrees after Imhotep training.
Discussion
The results of this study indicate that during 1982–2010,
a large number of Project Imhotep Summer Interns
graduated from college, pursued graduate school, and
most became employed in the public health sector.
During its 28 years of operation, Imhotep has prepared
approximately 481 college graduates (92% of whom are
non-Hispanic black students [NHBSs]) to earn the
advanced degrees that enable them to compete success-
fully and function effectively as public health scientists
and practitioners in the public health workforce. In the
absence of data to explain why earlier cohorts of Imhotep
alumni were more likely than the 2006–2010 cohort to
report ever being employed in the public health sector, it
is possible that the more recent Imhotep alumni had
fewer years to be exposed to public health career
opportunities and ﬁnd employment.
Evidence of the contribution of Imhotep to the public
health workforce includes an association between
selected student attributes at entry into Imhotep and
earning a graduate or professional degree subsequently,
as well as reporting a history of ever being employed in
the public health sector (including CDC). The 100% rate
of college graduation in this group NHBSs exceeds thewww.ajpmonline.org
Table 1. Association of student attributes with history of employment in public health
sector among Project Imhotep graduates, 1982–2010
Student attributes
Ever employed in public health sectora
Yes No OR (95% CI) p-value
Sex (n¼481) 287 194
Male (n¼148) 88 60 0.99 (0.67, 1.46) 0.95
Female (n¼333) 199 134 ref
Missing (n¼0)
Race (n¼481) 287 194
Black, non-Hispanic 266 180 1.11 (0.24, 5.01) 0.58
Hispanic/Latino 11 11 0.75 (0.13, 4.16) 0.55
American Indian/Alaskan native 3 0 —
Hawaiian/other Paciﬁc Islander 4 3 ref
Other 3 0 —
Missing (n¼0)
Year of Imhotep graduation (n¼481) 287 194
1981–1985 10 4 3.08 (0.92, 10.32) 0.07
1986–1990 20 13 1.90 (0.87, 4.13) 0.11
1991–1995 44 36 1.51 (0.86, 2.63) 0.15
1996–2000 79 27 3.61 (2.07, 6.28) o0.01
2001–2005 74 40 2.28 (1.36, 3.81) o0.01
2006–2010 60 74 ref
Missing (n¼0)
Undergraduate institution (n¼475) 283 192
HBCUs 211 138 1.22 (0.80, 1.87) 0.46
Hispanic/Tribal native 7 2 2.80 (0.56, 14.05) 0.25
Majorityb 65 52 ref
Missing (n¼6)
Region of residencec (n¼467) 278 189
Northeast 29 24 0.58 (0.25, 1.35) 0.35
South 192 130 0.71 (0.36, 1.40) 0.85
Midwest 28 21 0.64 (0.27, 1.51) 0.77
West 29 14 ref
Missing (n¼14)
(continued on next page)
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4-year institutions for NHBSs overall (38.9%–42.1%);
public colleges (36.8%–40.8%); nonproﬁt colleges
(44.6%–45.9%); and in for-proﬁt colleges (16.1%–
34.9%) with a start during 1996–2004.23 In addition, ofNovember 2014all students enrolled in Imho-
tep, 70.9% completed graduate
degrees; of these, 59.6% pursued
public health science careers.
The scope and methods of
this study do not enable us to
quantify the impact of Imhotep
graduates on the racial and
ethnic diversity of the U.S. pub-
lic health workforce. For con-
text, however, of the 7,585
students who graduated in
2010 with master’s and doctoral
degrees from U.S. Schools of
Public Health and Public Health
Programs that were members of
the Association of Schools of
Public Health, 800 (10.5%) were
black or African American.24
Previous studies16–18,21 lead us
to expect improvement in cul-
tural competency among its
practitioners and improvement
in access to public health serv-
ices for racial and ethnic pop-
ulations served by the more
diverse workforce to which
Imhotep has contributed. It is
worth re-emphasizing that the
students enrolled in Imhotep
are drawn from racial and eth-
nic minority groups who are
underrepresented in the public
health workforce.1–3,5,19
Experts have articulated the
need for and beneﬁts of
increased workforce diver-
sity.4,7,8,16,19,25,26 First, to effec-
tively address public health
needs, it is necessary to increase
cultural competence to allow
better understanding of how
and why different belief sys-
tems, cultural biases, ethnic ori-
gins, family structures, and
other culturally determined fac-
tors inﬂuence adherence to
advice from public health prac-titioners. These attributes are many and cannot efﬁ-
ciently be learned from academic coursework or solely
from scientiﬁc trials. Public health goals will not be
achieved if stakeholders are oblivious to the potential
impact that language barriers, religious taboos, and
Table 1. Association of student attributes with history of employment in public health
sector among Project Imhotep graduates, 1982–2010 (continued)
Student attributes
Ever employed in public health sectora
Yes No OR (95% CI) p-value
Undergraduate major 235 150
Biological scienced 150 87 1.28 (0.84, 1.94) 0.25
Non-biological sciencee 85 63
Missing (n¼96)
Note: Boldface indicates statistical signiﬁcance (po0.05).
aPublic health sector is deﬁned as working in a public health–related ﬁeld in a federal, state, local,
non-proﬁt organization or for-proﬁt organizations.
bMajority: Educational institutions with majority (Z51%) non-Hispanic white student bodies.
cGeographical region of residence at the time of enrollment in IMHOTEP: Northeast—Connecticut,
Maine, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, Vermont;
Midwest—Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota,
Ohio, South Dakota, Wisconsin; South—Alabama, Arkansas, Delaware, District of Columbia, Florida,
Georgia, Kentucky, Louisiana, Maryland, Mississippi, North Carolina, Oklahoma, South Carolina,
Tennessee, Texas, Virginia, West Virginia; West—Alaska, Arizona, California, Colorado, Hawaii, Idaho,
Montana, Nevada, New Mexico, Oregon, Utah, Washington, Wyoming.
dBiological science includes students with undergraduate majors in biology, biochemistry, or other
natural science ﬁelds.
eNon-biological science includes students with undergraduate majors in psychology, sociology,
business or other social science ﬁelds.
HBCUs, historically black colleges and universities.
Duffus et al / Am J Prev Med 2014;47(5S3):S368–S375S372non-traditional medical practices have on patient satis-
faction and outcomes. A heterogeneous workforce
involving Imhotep graduates will help decision makers
recognize that their own opinions are inﬂuenced by their
unique race, gender, origin, and SES.
Second, inadequate access to high-quality care is a
major problem within minority communities. The race/
ethnicity of Imhotep graduates, as suggested from
research data, is the demographic that would be more
likely than white peers to relocate professionally to
underserved communities.11,12,21 This would serve to
increase the skilled labor force in these underserved areas
and likely lead to increased client satisfaction.13,26,27
In addition, there are many well-documented disparities
in health and healthcare services, and the reduction of
these differences is the goal of many national public
health initiatives.4,8,18,19,28–30 Imhotep graduates, because
of their background concordance with underserved
populations, are less likely to have the same biases that
have led to unequal medical treatment, which would
serve to achieve the national objectives of reducing health
disparities.26
Third, many public health problems disproportion-
ately impact minority populations and it is necessary,
therefore, to strengthen the health research agenda to
address the cause of the causes. This means many more
racially and ethnically diverse students need to complete
an undergraduate education and proceed with a graduate
degree to allow them the opportunity to set the researchagenda based on what is per-
ceived to be the cause of the
disparities. This, in turn, is
inﬂuenced by cultural and eth-
nic ﬁlters. However, efforts to
achieve diversity in public
health education should not
end at graduation but should
be extended to provide minor-
ities opportunities to excel and
lead in the workplace.
Finally, having greater diver-
sity among public health profes-
sionals is essential to augment the
pool of decision makers who
make strategic and tactical deci-
sions around program design and
resource allocation that impact
health in the most affected com-
munities. The paucity of such
individuals in key occupational
posts is yet another reason pos-
ited for difﬁculties in attaining
our national health goals.5,19Many Imhotep graduates chose federal and academic
positions as a career choice and fewer chose public
health positions at the state and local levels. The reasons
for this are multifactorial (fewer employment opportu-
nities, lower salaries, and less retention at the state/local
levels) and suggest an area for public health leaders to
focus recruitment and retention efforts. Having well-
educated racial and ethnic minority public health
ofﬁcials at the state and local levels is complementary
and necessary to provide frontline visibility that can
promote cultural competence, reduce stigma, and inﬂu-
ence local policies.
More educational pipeline efforts need to be developed
to reinforce the existing workforce if our increasingly
diverse nation is to address the potential increasing gaps
in quality public health. The Imhotep program is one
example of such an effort at the college level, but more
programs are needed at the primary and secondary levels
to maximize the number of qualiﬁed graduates who
choose advanced degrees in public health. In addition,
there is a paucity of men, particularly black men, in U.S.
public health graduate programs. Because Imhotep is
located at Morehouse College, the only all-male HBCU in
the U.S., Imhotep presents a unique opportunity to
recruit and train black men.
Imhotep’s close proximity and partnership with CDC
and other public health agencies have been key factors to
the success in training underrepresented students for
careers in public health. Imhotep is well suited to buildwww.ajpmonline.org
Table 2. Association of student attributes with enrollment in a graduate or professional degree program among Project
Imhotep graduates, 1982–2010
Characteristics
Enrolled in graduate or professional degree program
Yes No N/A OR (95% CI) p-value
Sex (n¼81) 341 130 10
Male 107 36 5 1.19 (0.76, 1.87) 0.44
Female 234 94 5
Race (n¼481) 341 130 10
Black, non-Hispanic 319 119 8 0.54 (0.06, 4.64) 0.95
Hispanic/Latino 12 9 1 0.27 (0.03, 2.67) 0.15
American Indian/Alaskan native 3 0 0 —
Hawaiian/other Paciﬁc Islander 5 1 1 ref
Other 2 1 0 —
Missing (n¼0)
Year of Imhotep graduation (n¼481) 341 130 10
1982–1985 9 5 0 0.83 (0.26, 2.63) 0.47
1986–1990 25 8 0 1.43 (0.59, 3.46) 0.64
1991–1995 59 21 0 1.29 (0.69, 2.41) 0.68
1996–2000 79 27 0 1.34 (0.75, 2.39) 0.60
2001–2005 84 30 0 1.28 (0.73, 2.56) 0.65
2006–2010 85 39 10 ref
Missing (n¼0)
Undergraduate institution (n¼475) 336 129 10
HBCUs 252 90 7 1.33 (0.84, 2.10) 0.81
Hispanic/Tribal Native 6 2 1 1.42 (0.27, 7.39) 0.80
Majority 78 37 2 ref
Missing (n¼6)
Region of residence (n¼467) 331 126 10
Northeast 34 16 3 0.88 (0.36, 2.16) 0.37
South 229 88 5 1.08 (0.53, 2.20) 0.85
Midwest 39 10 0 1.61 (0.61, 4.24) 0.08
West 29 12 2 ref
Missing (n¼14)
Undergraduate major 283 92 10
Biological science 182 50 5 1.51 (0.94, 2.44) 0.09
Non-biological science 101 42 5
Missing (n¼96)
HBCUs, historically black colleges and universities; N/A, not applicable.
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Table 3. Number of Project Imhotep graduates by year of Imhotep Graduation, public health sector and CDC employment,
graduate degrees, and enrollment in second graduate degree program, 1982–2010
1982–1985 1986–1990 1991–1995 1996–2000 2001–2005 2006–2010
Public health sector (126 of 481 missing)
Federal 1 7 20 30 28 5
State 2 0 0 4 3 2
Local 0 1 1 5 1 2
Academia 5 4 15 17 19 10
Non-proﬁt/non-
governmental and others
2 8 10 15 10 11
Not available 1 6 20 21 20 49
Ever worked at CDC (72 of 481 missing)
Yes 2 3 4 14 10 5
No 11 25 50 68 89 128
Graduate degree (3 of 481 missing)
Master’s 6 15 39 51 63 79
PhD 2 3 10 8 8 4
Medical degree 1 6 10 17 12 7
Other degrees 5 9 21 29 30 43
Enrolled in second graduate degree program (0 of 481 missing)
Yes 3 5 10 16 26 8
No 11 28 70 90 88 126
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leader in training young, underrepresented minority
students in the public health sciences. Imhotep gives
high priority to mentoring in the overall educational
process and has a unique perspective on how to bring out
a student’s potential. Imhotep has produced students
who are well qualiﬁed for further study at the graduate
level in public health.
In the next several years, many of the most critical
scientiﬁc challenges facing the U.S. will be racially/
ethnically related, requiring scientists and public health
professionals to approach research in new ways. Greater
diversity among health professionals promotes improved
access to care for racial and ethnic minority patients,
greater patient choice and satisfaction, and improved
patient–provider communication.13,26,27 Despite efforts
to increase the numbers of racial/ethnic minorities in the
public health and medical professions, there is an under-
representation of Americans of color in medicine and the
public health sciences.1–5,16,19,25 An even more vexing
problem is the dramatic shortage of African Americans,Hispanics, and Native Americans holding advanced
degrees in these areas.6,21 Pre-professional programs
such as Imhotep are essential in the training of under-
represented Americans in the public health sciences to
ensure that they are prepared for long-term professional
success.
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